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Killer from the Deep!
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Title:
Killer from the Deep!
Focus:
Explore the deep-sea environment and biological adaptations to living in the deep sea through
murder-mystery investigation and graphing activities.
Keywords: the deep sea, deep pelagic biology, biological adaptations to the deep sea, diel vertical
migration, murder mystery
Grade Levels:
7th grade Life Science; 11-12 grade Ecology
Virginia Science Standard(s) Addressed:
Life Science
LS.1 The student will demonstrate an understanding of scientific and engineering
practices by
a) asking questions and defining problems
• ask questions and develop hypotheses to determine relationships between independent and
dependent variables
c) interpreting, analyzing, and evaluating data
• identify, interpret, and evaluate patterns in data
• construct, analyze, and interpret graphical displays of data
• compare and contrast data collected by different groups and discuss similarities and differences
in their findings
d) constructing and critiquing conclusions and explanations
• construct explanations that include qualitative or quantitative relationships between variables
• construct scientific explanations based on valid and reliable evidence obtained from sources
(including the students’ own investigations)
f) obtaining, evaluating, and communicating information
• construct, use, and/or present an argument supported by empirical evidence and scientific
reasoning
LS.4 The student will investigate and understand that there are chemical processes of
energy transfer which are important for life. Key ideas include
a) photosynthesis is the foundation of virtually all food webs; and
b) photosynthesis and cellular respiration support life processes.
LS.6 The student will investigate and understand that populations in a biological
community interact and are interdependent. Key ideas include
b) the availability and use of resources may lead to competition and cooperation;
d) the niche of each organism supports survival.
LS.7 The student will investigate and understand that adaptations support an
organism’s survival in an ecosystem. Key ideas include
a) biotic and abiotic factors define land, marine, and freshwater ecosystems; and
b) physical and behavioral characteristics enable organisms to survive within a
specific ecosystem.
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Learning Objectives:
PART A
ü Students will graph and interpret data to study how environmental variables structure different
vertical habitats within the deep sea.
PART B
ü Students will distinguish between different vertical habitats and graph and interpret data to
describe how deep-sea animals are specialized to discrete vertical habitats within the deep sea.
Students will discuss how populations of deep-sea organisms have evolved to be better suited to
their environments.
PART C
ü Students will explore a diversity of biological adaptations to living in the deep sea and use
ecological information to solve a mystery.
Suggested Time Allocation:
• Activity A: can be completed by students at home or in class; estimated time – 15-20 mins
• Activity B: can be completed by students in groups; estimated time – 45-50 mins
o If needed, Activity B Critical Thinking Questions can be completed at home (20-25 mins)
• Activity C: can be completed by students in groups; estimated time – 10-15 mins
Day

Day 1

Classwork

Introductory PowerPoint
(15 mins)
Complete Part A (15-20
mins)

Homework

Day 2 (appropriate for 80
min class period)
Complete Part B + C

Complete Part B
Questions (HW)

or
Day

Day 1

Classwork

Introductory PowerPoint
(15 mins)
Complete Part A (15-20
mins)

Day 2 (appropriate for 50
min class period)
Complete Part B + Part B
Questions

Day 3
Complete Part C

Homework

Materials and Supplies:
Item Description
Color printer
Optional – projector

Suggested Number
1
1

Activity
A-C
Introductory
presentation
A, B

Assorted markers –
including yellow and
black/brown
Permanent marker –
Sharpie

Enough for each
group of students
1

B

Assorted beads, candies,
or Swedish fish – 5

See chart below for
calculations

B
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Purpose
Printing graph templates for Activities A-C
Presenting the background information
and introductory presentation to students
A: plotting environmental data on graph
B: plotting day and night abundance values
on depth profiles
B: use this to label and identify the net
(e.g., “trawl net sampling the surface, 0200 m, zone”)
B: these will represent the “captured
animals” within each trawl catch
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different colors or
varieties
Baggies – Ziplock
Optional – manila folders

6 bags per group of
students
1 folder per group
of students

B
C

B: these will represent the “trawl net”
containing “captured animals” (beads)
C: these will contain the suspect profiles
(flash cards) for the murder-mystery
activity

Instructor Procedure:
• Print out student handouts
o Each student should receive their own copy of each handout, but the activities can be
completed in groups of students (at discretion of instructor).
Preparation for Activity B
• Instructor should match the ratios of beads between different depth habitats to the following
table:
Animal
Abundance (Counts)
Day
Night
0-200m
200–1000m
1000–4000m 0-200m
200–1000m
1000–4000
m
Flyingfish: yellow beads
4
0
0
4
0
0
Lanternfish: green
0
4
0
4
0
0
Hatchetfish: blue
0
4
0
0
4
0
Fangtooth: red
0
0
4
0
0
4
Pelican eel: black
0
0
4
0
0
4
•

Instructor can slightly alter the abundance values to create variability in the trawl bags for the
different groups of students. For example, instructor may choose to put 6 (instead of 4)
Flyingfish in the 0-200 m daytime trawl bag and 6 Flyingfish in the 0-200 m nighttime trawl bag.
It is important to ensure that the ratios of abundance in day and night are consistent with the
provided table (e.g., substituting 4:4 and 6:6 does not change the ratio) so that students
produce consistent vertical distribution profiles.

•

Example trawl bags (based on provided table):

Net: 200-1000 m, daytime
represents 1
lanternfish

Net: 200-1000 m, nighttime

represents 1
hatchetfish
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Assessment:
• Students will be assessed based on their performance as individuals and contributors to a group.
Student knowledge assessed based on answers to discussion questions, graphing of
environmental variables and depth profiles, and ability to identify “the killer.”
PART A
Background: Introduction to the Largest Habitat on Earth, The Deep Sea
[following material covered in slides 3-4 in Introductory Presentation]
Deep pelagic (open ocean) habitats are some of the largest and most poorly understood oceanic
regions, home to tremendous biodiversity and the largest daily migration in terms of biomass on Earth.
Recent technological advances have revealed an astounding diversity of highly specialized organisms,
complex communities of animals, troves of valuable resources, and made evident our connectedness to
the deep sea, underscoring the immense value and fragility of this very special space.
The deep sea is a vast space, comprising the largest living space on Earth, and is home to the
largest number of animals and largest migration on Earth. But it’s not easy living in the deep sea – many
animals have specialized morphological (form and structure), physiological (biochemical processes and
systems), and behavioral adaptations to living in a dark, cold, high pressure, and patchy environment.
Below the depth where wind mixes the surface water (the “mixed layer”), temperature rapidly
decreases (thermocline), approaching a very cold range of 0-6 °C in deeper layers of the water column.
Pressure increases linearly with depth, resulting in physiological and morphological adaptations in deepsea animals. Light levels decline very rapidly in the water, with 99% of the light from the surface lost by
150 m depth (about 500 ft). Light is necessary for the photosynthetic plants (phytoplankton) that form
the base of the food web and food becomes increasingly patchy in deeper layers of the water column.
Cold, Dark, and Under Pressure: The Deep-Sea Environment
Directions: Plot the following temperature data on the accompanying depth profile. The axes, depth
zones, and other environmental variables are already provided on your graph. After you have plotted
the temperature data points, draw a line to connect your data and complete the following discussion
questions.
Ocean Zone Depth (meters):
Sunlight 0
200
Twilight 400
800
1000
Midnight 2000
4000

Temperature (°C)
20
16
10
6.5
5
4.5
4
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Name(s):
Date:

Temperature (°C)

Depth (meters)
200

0

1

2

3

4

5

6

7

8

9

10 11

Light
12 13 14 15

16 17 18 19 20

SUNLIGHT ZONE

400
600
800

TWILIGHT ZONE

1000
1200
1400
1600

MIDNIGHT ZONE

1800
2000
2200
2400
2600
2800
3000
3200
3400
3600
3800
v
4000
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Pressure

Discussion Questions: Reflect on these questions before discussing them in groups of 2-4 students.
1. What is your independent variable? What are your dependent (response) variables?

2. Photosynthetic plants, known as phytoplankton, are the base of the food web in the open
ocean. Phytoplankton need sunlight to photosynthesize. Describe where photosynthesis occurs
in the open ocean. If photosynthesis can only occur in the presence of light, how are food webs
different in areas of no light?
Hint: if you are struggling with this question, check out this article:
https://www.nytimes.com/2017/12/19/science/deep-sea-foodweb.html?searchResultPosition=9

3. Describe how each variable (temperature, pressure, and light) changes as depth from surface
increases. What environmental conditions do organisms living in the Twilight and Midnight
Zones experience?

4. Can you think of any adaptations that these populations of deep-sea animals may have evolved
to be better suited to living in these harsh environments?
Hint: if you are struggling with this question, check out this interactive article:
https://www.nytimes.com/interactive/2017/08/21/science/the-deep-seas-are-alive-withlight.html?action=click&module=RelatedLinks&pgtype=Article
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PART B
Background: Introduction to Deep-Sea Habitats and Adaptations
[following material covered in slides 5-8 of Introductory Presentation]
Because there is significant environmental variability across the vertical dimension of the openocean water column, it cannot be thought of as a singular habitat, rather a series of habitats defined by
depth intervals. These habitats are home to unique and diverse communities of animals. Over
evolutionary time scales, predation pressure has been a strong selective force on these populations of
deep-sea animals, causing many bizarre offensive and defensive adaptations in a “predator-prey arms
race” (to avoid predators or find prey).
The Sunlight Zone (0 – 200 meters depth): Many animals living in this surface zone are transparent
(crypsis: hiding in plain sight), allowing light to pass through their bodies and reducing chances of being
detected by predators. Bluish hues to match the surrounding water are also common in this zone. Many
fishes in this zone are powerful swimmers, capable of traveling great distances in search of food.
The Twilight Zone (200 – 1000 meters depth): In the Twilight Zone, sunlight is reduced, and we see the
emergence of biologically generated light (bioluminescence) through organs called “photophores.”
Many species use bioluminescent organs to obscure their profiles and shadows from predators.
Bioluminescence may also be employed to attract prey (think of an anglerfish, with its bioluminescent
lure). Because photosynthesis does not occur in the Twilight Zone, food can be scarce and patchy and
the food that does enter (through passive sinking or through active transport by animals) the Twilight
Zone originates from the sun-lit surface waters. Many deep-sea species have evolved a behavioral
adaptation known as Diel Vertical Migration, migrating to the surface waters under cover of darkness to
feed on planktonic organisms before descending at dawn to avoid their predators. Diel Vertical
Migration, or “nocturnal” vertical migration, occurs when organisms tracking the isolume (light
level/intensity), ascend to surface waters to feed on planktonic prey at dusk and descend to depth at
dawn to evade visual predators (see Figure 1 below). Large numbers of deep-dwelling, migratory
animals transport surface productivity, nutrients, and carbon across large vertical distances to deeper
habitats.
The Midnight Zone (1000 – 4000 meters depth): The Midnight Zone is permanently dark (no
downwelling sunlight). The only light in this zone is produced by the organisms themselves through
bioluminescence. This zone is very cold and high pressure. Many animals living in the Midnight Zone do
not migrate to the surface waters and are not powerful swimmers. They are often flabby and red or
black. Midnight Zone ecosystems are reliant on the “rain” of organic matter (food) from upper zones,
including sinking molts, carcasses, fecal pellets, particles, and other animals (termed “marine snow”).
Next, we will explore Diel Vertical Migration, a behavioral adaptation to living in the deep sea.

Virginia Scientists and Educators Alliance (VA SEA) 2021

Mowatt-Larssen Page 8 of 33

Case Study: Diel Vertical Migration, a Behavioral Adaptation to Life in the Deep Sea

Figure 1. Diel (daily) vertical migration of animals from the Twilight Zone (200-1000m) to the surface at dusk and descent to
depth at dawn. Illustration courtesy of Kelly Lance, reprinted with permission. Epipelagic Zone (0-200m depth) = “Sunlight
Zone”; Mesopelagic Zone (200-1000m depth) = “Twilight Zone”; Bathypelagic Zone (1000+m) = “Midnight Zone.

Sampling the Deep Sea: a MOCNESS Monster!
So, how do we detect this great vertical migration? One method for capturing deep-sea animals and
understanding where they live is by using a piece of equipment known as a Midwater Opening and
Closing Net and Environmental Sensing System (MOCNESS). A MOCNESS is just a series of nets (often 10)
that are towed behind a research vessel and open at different depth intervals as the net returns to the
surface. When one net opens, another closes so that one net is always open to sample a different layer
of the water column.
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Figure 2. Midwater Opening and Closing Net and Environmental Sensing System (MOCNESS) on a NASA-funded expedition
(NASA EXPORTS). You can see that first net is open. Image modified from NASA EXPORTS.
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Name(s)
Date
Activity B: Deep-Sea Sampling
Instructions: Open your “nets” (baggies containing beads or candies) and sort and count the “captured
animals” (beads or candies). Record your results in the provided table. Take care to keep the contents of
each “net” separate (you will compare the contents of each net). You should have 6 different nets
(representing three depth habitats and two time periods, the day and the night).
Animal

Abundance (Counts)
0-200m

Day
200–1000m

1000–4000m

0-200m

Night
200–1000m

1000–4000 m

Flyingfish: yellow beads
Lanternfish: green
Hatchetfish: blue
Fangtooth: red
Pelican eel: black
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Graphing Instructions: Plot the abundance data on the following depth profiles as horizontal bar graphs.
Use a yellow marker to shade the bars of abundance data for the daytime and brown / black marker for
shading bars of abundance data for the nighttime.
For example, a horizontal bar graph for Fanfish, Pteraclis aesticola, has a uniform shape during the diel
cycle because it is not known to undergo diel vertical migration and lives predominantly in the 0-200 m
surface zone.

Example: Fanfish
Daytime Abundance
9

8

7

6

5

4

3

2

1 0

1

2

3

4

5

6

7

8

9 10

1000-4000 m

200-1000 m

0-200 m

10

Nighttime Abundance
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Flyingfish
Daytime Abundance
9

8

7

6

5

4

3

2

1 0

1

2

3

4

5

6

7

8

9 10

1000-4000 m

200-1000 m

0-200 m

10

Nighttime Abundance
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Lanternfish
Nighttime Abundance
9

8
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4

3
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9 10
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0-200 m
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Hatchetfish
Daytime Abundance
9
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3
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9 10
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Nighttime Abundance
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Fangtooth
Daytime Abundance
9

8
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6
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4

3

2
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1
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9 10

1000-4000 m
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10

Nighttime Abundance
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Pelican eel
Daytime Abundance
9

8

7

6

5

4

3

2

1 0

1

2

3

4

5

6

7

8

9 10

1000-4000 m

200-1000 m

0-200 m

10

Nighttime Abundance

Activity Results:
1. Which animals are migratory on a diel (day/night) cycle? What zones do migratory animal(s)
inhabit in the day versus at night? Which animals had a uniform distribution (nonmigratory)?
Name
What zone do they live in during the day? Diel Vertical Migrator to Sunlight Zone?
Flyingfish
Sunlight / Twilight / Midnight
Yes / No
Lanternfish
Sunlight / Twilight / Midnight
Yes / No
Hatchetfish Sunlight / Twilight / Midnight
Yes / No
Fangtooth
Sunlight / Twilight / Midnight
Yes / No
Pelican eel
Sunlight / Twilight / Midnight
Yes / No
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Post-Activity Critical Thinking Questions (can be completed at home at instructor’s discretion):
2. In this activity, depth zones were defined for you. What if we didn’t know the depth of the net?
What variable has a consistent, predictable relationship with depth and can be used as a proxy
(substitute) for depth? (Hint: refer to graph of environmental variables in Activity A).

3. Scientists have discussed several theories on the predominant (most important) variable that
organisms undergoing diel vertical migration track to know when to migrate. While many
scientists agree that light is a primary cue for organisms, scientists believe that daily, internal
circadian rhythms (part of an organism’s “biological clock”) may also help animals know when to
migrate. How could you test the importance of light versus biological clocks as migration cues?

4. Light penetration into the ocean differs in different parts of the world because of the Earth’s tilt
on its axis. For example, near the Equator, light reaches a greater depth in the water column
than near the poles. Diel vertical migrators live in the Twilight Zone during the daytime because
they are evading visually cued predators (that need light to see) in the Sunlight Zone. How
would you expect the migration distance (difference between starting depth and end depth) to
differ between the tropics and the poles? If migration distance is greater, how would you expect
the speed of the migration to change (assuming that the time animals have to complete the
migration stays the same)?

5. Due to climate change, the oceans are projected to become warmer and more stratified (less
exchange/mixing between depth layers). Across large swaths of the oceans, fewer
phytoplankton (aquatic plants) are expected to bloom in the surface zone because nutrients will
be “trapped” in deeper water column layers, inaccessible to these surface-living photosynthetic
plants. If there are fewer phytoplankton, the base of the ocean food web, how do you predict
that the number of animals undergoing diel vertical migration to the Sunlight Zone will change?
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PART C
Solving Murder Mystery Activity
Instructions: Cyclops the copepod (pictured below) was killed (and eaten!) while in the surface Sunlight
Zone under cover of darkness. Luckily, there was a witness and the authorities have provided you with a
list of suspects! Use the clues from the witness’s statement to authorities and the accompanying flash
cards to fill in the provided table of suspects and solve the crime.

Victim

Witness

1/10/2022

Detective’s Notes
•

Crime occurred during nighttime
in the Sunlight Zone

•

Witness reports “flash of light”
emanating from murderer

•

Witness reports murder had
slender, elongate body

In order to identify the killer, consider the following questions for each suspect:
Motive: Does the suspect have motive? Because the victim was eaten, consider the suspect’s dietary
preferences that could motivate them to kill the victim.
Means: Does the suspect have the means, including ability, to commit the crime? What are the
suspect’s unique characteristics (e.g., adaptations) that could allow them to subdue the victim?
Opportunity: Did the suspect have an opportunity to commit the crime? Or do they have an alibi? Were
the suspect and the victim in the same place at the same time?
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Note: while several suspects may meet some of the criteria, only one suspect (the killer) will have all
three (motive, means, and opportunity)! Use the accompanying flash cards to reveal the supects’
potential motives (dietary habits), means (adaptations), and opportunities (depth habitats and
migratory behavior).
Suspects:
Name

Motive

Means

Opportunity (from Activity B)
What zone do they live in? Diel Vertical Migrator?

Lanternfish
Hatchetfish
Fangtooth
Pelican eel

KILLER_________________________________________________
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Glossary:
Bioluminescence: the biochemical production of light from organisms
Counterillumination: active camouflage and the production of light to match background light in
intensity and wavelength
Countershading: camouflage strategy where the top (dorsal) surface of the organism is darker to match
surrounding water (when viewed from above) while the bottom (ventral) surface of the organism is
lighter to match downwelling light (when viewed from below).
Crypsis: ability to avoid being detected by other animals, including for the purposes of predator evasion
or to capture prey
Diel vertical migration: the daily vertical migration of animals from the deep sea to the surface waters
at dusk and return to deep waters at dawn to avoid visually cued predators in the surface layer. This key
behavioral adaptation enhances foraging opportunities and minimizes predation risk: migrators avoid
being consumed by visual predators in the Sunlight Zone during the daytime, while grazing on surface
plankton during the nighttime.
Food web: a system of related food chains
Isolume: a line of constant light intensity
Marine snow: organic material originating from upper layers that showers the deeper layers of the
water column, typically comprised of fecal pellets, carcasses, dead cells, and animals
Mirror concealment: camouflage strategy to reflect light to match background light and reduce the
angles at which detection can occur
Mixed Layer: a depth interval near the surface that is thermally homogenous due to wind-driven mixing
Morphological: relating to an organism’s form or structure
Nekton: free swimming and able to move independently of currents
Photophores: light-producing organs that are found as luminous spots on animals
Photosynthesis: the conversion of light energy to chemical energy through the reaction of light and
carbon dioxide into energy-rich organic molecules (glucose) and oxygen
Phytoplankton: aquatic plants that cannot actively swim against currents and photosynthesize;
phytoplankton are autotrophic or “self-feeding”
Physiological: relating to biochemical reactions and bodily functions of living organisms
Thermocline: a layer of water where the temperature changes significantly from the layers above and
below it. In the pelagic ocean, the thermocline separates the homogenous and warm surface mixed
layer and the thermally stable, cold, deep ocean.
Zooplankton: animals that drift or wander in the ocean; they consume other zooplankton or
phytoplankton; zooplankton are heterotrophic or “other-feeding”
Key Anotomical Terms:

Dorsal fin
Caudal fin

DORSAL (TOP)

Pectoral fin

Pelvic fin

Photophores, lightproducing organs

Anal fin

VENTRAL (BOTTOM)
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Illustration Acknowledgments: Illustrations of animals, unless otherwise noted, were commissioned
from Alma Trinidad-Javier and provided courtesy of Tor Mowatt-Larssen. Diel vertical migration graphic
is provided courtesy of Kelly Lance.
Resources:
Scientific Publications (Introductory)
Haddock, S. H., Moline, M. A., & Case, J. F. (2010). Bioluminescence in the sea. Annual review of marine
science, 2, 443-493.
Drazen, J. C., & Sutton, T. T. (2017). Dining in the deep: the feeding ecology of deep-sea fishes. Annual
review of marine science, 9, 337-366.
Robison, B. H. (2004). Deep pelagic biology. Journal of experimental marine biology and ecology, 300(12), 253-272.
Coverage in Popular Media
Broad. (2017) The Deep Seas Are Alive with Light. New York Times. Available Here:
https://www.nytimes.com/interactive/2017/08/21/science/the-deep-seas-are-alive-withlight.html?action=click&module=RelatedLinks&pgtype=Article
Klein. (2017). What Eats What: A Landlubber’s Guide to Deep Sea Dining. New York Times. Available
Here:
https://www.nytimes.com/2017/12/19/science/deep-sea-food-web.html?searchResultPosition=9
Roth. (2020). Bringing the Ocean’s Midnight Zone into the Light. New York Times. Available Here:
https://www.nytimes.com/2020/09/22/science/monterey-bay-aquarium-midnight-zone.html
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INSTRUCTOR ANSWER KEY
PART A
Discussion Questions:
1. What is your independent variable? What are your dependent (response) variables?
Independent: depth
Dependent: temperature. Students may also list light and pressure, as these are also indicated
on the graph.
2. Photosynthetic plants, known as phytoplankton, are the base of the food web in the open
ocean. Phytoplankton need sunlight to photosynthesize. Describe where photosynthesis occurs
in the open ocean. If photosynthesis can only occur in the presence of light, how are food webs
different in areas of no light?
Hint: if you are struggling with this question, check out this article:
https://www.nytimes.com/2017/12/19/science/deep-sea-foodweb.html?searchResultPosition=9
Photosynthesis occurs in the Sunlight Zone. The levels of light in the Twilight Zone are too low to
support photosynthetic activity (and there is no light in the Midnight Zone).
Animals living in the Twilight Zone may migrate to the Sunlight Zone (diel vertical migration) or
consume the “marine snow” – flux of food and organic matter from the surface Sunlight Zone.
3. Describe how each variable (temperature, pressure, and light) changes as depth from surface
increases. What environmental conditions do organisms living in the Twilight and Midnight
Zones experience?
Light attenuates exponentially with depth.
Pressure increases linearly with depth.
Temperature declines very rapidly within the first 1000 m (thermocline) before approaching a
more stable range of 0-6°C.
Twilight Zone: cold, low light, elevated pressure
Midnight Zone: very cold and stable (not a lot of thermal variability), no light (except light
produced by the animals themselves), very high pressure
4. Can you think of any adaptations that these populations of deep-sea animals may have evolved
to be better suited to living in these harsh environments?
Hint: if you are struggling with this question, check out this interactive article:
https://www.nytimes.com/interactive/2017/08/21/science/the-deep-seas-are-alive-withlight.html?action=click&module=RelatedLinks&pgtype=Article
Answers may vary. Intended to serve as a primer for the next section. Possible answers include:
• Biological production of light (photophores, light-producing organs)
o used for a variety of purposes – e.g., on ventral side to break up silhouette, near
eye for communication, on esca to lure prey
• Changes in the form of the animal
Virginia Scientists and Educators Alliance (VA SEA) 2021
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o

e.g., larger eyes in the Twilight Zone to see better in diminished light, telescopic
eyes, lures, fangs, spines, etc.
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INSTRUCTOR ANSWER KEY
0

Depth (meters)
200

1

2

3

4

Temperature (°C)
5

6

7

8

9

10

11

Light
12 13

14 15

16 17

18

19

SUNLIGHT ZONE

400
600
800

TWILIGHT ZONE

1000
1200
1400
1600

MIDNIGHT ZONE

1800
2000
2200
2400
2600
2800
3000
3200
3400
3600
3800
v
4000
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Temperature

Pressure

20

INSTRUCTOR ANSWER KEY
PART B - example
Animal

Abundance (Counts)

Flyingfish: yellow beads
Lanternfish: green
Hatchetfish: blue
Fangtooth: red
Pelican eel: black

0-200m
4
0
0
0
0

Day
200–1000m
0
4
4
0
0

1000–4000m
0
0
0
4
4
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0-200m
4
4
0
0
0

Night
200–1000m
0
0
4
0
0

1000–4000 m
0
0
0
4
4
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INSTRUCTOR ANSWER KEY

Flyingfish
Daytime Abundance
9

8

7

6

5

4

3

2

1 0

1

2

3

4

5

6

7

8

9 10

1000-4000 m

200-1000 m

0-200 m

10

Nighttime Abundance

The size of the bars may differ by student group (different “trawl nets” containing different numbers of
beads), but the overall shape of the distribution will be the same (should be uniform between day/night
cycle, indicating flyingfishes are nonmigratory on a diel cycle, and in the Sunlight Zone, 0-200 m depth).
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INSTRUCTOR ANSWER KEY

Lanternfish
Daytime Abundance
9

8

7

6

5

4

3

2

1 0

1

2

3

4

5

6

7

8

9 10

1000-4000 m

200-1000 m

0-200 m

10

Nighttime Abundance

The size of the bars may differ by student group (different “trawl nets” containing different numbers of
beads), but the overall shape of the distribution will be the same - should see redistribution of
lanternfish to be near the surface (0-200 m) at night and at depth (200-1000 m) during the day.
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INSTRUCTOR ANSWER KEY

Hatchetfish
Daytime Abundance
9

8

7

6

5

4

3

2

1 0

1

2

3

4

5

6

7

8

9 10

1000-4000 m

200-1000 m

0-200 m

10

Nighttime Abundance

The size of the bars may differ by student group (different “trawl nets”), but the overall shape of the
distribution will be the same (should be uniform between day/night cycle, indicating hatchetfish are
nonmigratory on a diel cycle, and are at 200–1000 m depth).
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INSTRUCTOR ANSWER KEY

Fangtooth
Daytime Abundance
9

8

7

6

5

4

3

2

1 0

1

2

3

4

5

6

7

8

9 10

1000-4000 m

200-1000 m

0-200 m

10

Nighttime Abundance

The size of the bars may differ by student group (different “trawl nets” containing different numbers of
beads), but the overall shape of the distribution will be the same (should be uniform between day/night
cycle, indicating fangtooth are nonmigratory on a diel cycle, and are at 200–1000 m depth).
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INSTRUCTOR ANSWER KEY

Pelican eel
Daytime Abundance
9

8

7

6

5

4

3

2

1 0

1

2

3

4

5

6

7

8

9 10

1000-4000 m

200-1000 m

0-200 m

10

Nighttime Abundance

The size of the bars will differ by student group (different “trawl nets” containing different numbers of
beads), but the overall shape of the distribution will be the same (should be uniform between day/night
cycle, indicating pelican eels are nonmigratory on a diel cycle, and are at 1000–4000 m depth).
Activity Results:
1. Which animals are migratory on a diel (day/night) cycle? What zones do migratory animal(s)
inhabit in the day versus at night? Which animals have a uniform distribution (nonmigratory)?
Name
What zone do they live in during the day? Diel Vertical Migrator to Sunlight Zone?
Flyingfish
Sunlight / Twilight / Midnight
Yes / No
Lanternfish
Sunlight / Twilight / Midnight
Yes / No
Hatchetfish Sunlight / Twilight / Midnight
Yes / No
Fangtooth
Sunlight / Twilight / Midnight
Yes / No
Pelican eel
Sunlight / Twilight / Midnight
Yes / No
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INSTRUCTOR ANSWER KEY
Post-Activity Critical Thinking Questions (can be completed at home at instructor’s discretion):
2. In this activity, depth zones were defined for you. What if we didn’t know the depth of the net?
What variable has a consistent, predictable relationship with depth and can be used as a proxy
(substitute) for depth? (Hint: refer to graph of environmental variables in Activity A).
Pressure has a linear relationship with depth and can be used as a proxy for depth.
3. Scientists have discussed several theories on the predominant (most important) variable that
organisms undergoing diel vertical migration track to know when to migrate. While many
scientists agree that light is a primary cue for organisms, scientists believe that daily, internal
circadian rhythms (part of an organism’s “biological clock”) may also help animals know when to
migrate. How could you test the importance of light versus biological clocks as migration cues?
Answers will vary.
Example
To test for light: monitor the vertical distributions of organisms during a solar eclipse! Do they
migrate when there is sudden darkness in the middle of the day? This is a real scientific study!
Determine if DVM occurs in high-latitude ecosystems like the Antarctic during winter, when the
sun does not rise. This is a real scientific study!
To test circadian rhythms: place animals in a tank in total darkness and see if they continue
migrating at the proper times. This is a real scientific study!
4. Light penetration into the ocean differs in different parts of the world because of the Earth’s tilt
on its axis. For example, near the Equator, light penetrates to a greater depth in the water
column than near the poles. Diel vertical migrators descend to the Twilight Zone during the
daytime because they are evading visually cued predators (that need light to see) in the Sunlight
Zone. How would you expect the migration distance (difference between starting depth and
end depth) to differ between the tropics and the poles? If migration distance is greater, how
would you expect the speed of the migration to change (assuming that the time animals have to
complete the migration stays the same)?
We will see deeper migration depths to avoid visually cued predators in the tropics. Because
animals have to migrate greater distances in the tropics, their ascent to the surface and descent
to the deep sea is faster than animals living in the high latitudes, where light penetration is not
as deep.
5. Due to climate change, the oceans are projected to become warmer and more stratified (less
exchange/mixing between depth layers). Across large swaths of the oceans, fewer
phytoplankton (aquatic plants) are expected to bloom in the surface zone because nutrients will
be “trapped” in deeper water column layers, inaccessible to these surface-living photosynthetic
plants. If there are fewer phytoplankton, the base of the ocean food web, how do you predict
that the number of animals undergoing diel vertical migration to the Sunlight Zone will change?
Fewer migrating animals because incentive for migration (food) is reduced.
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INSTRUCTOR ANSWER KEY

Name

Suspects:
Motive
(What are their dietary
preferences?)

Lanternfish

Zooplanktivorous

Hatchetfish

Zooplanktivorous

Fangtooth

Generalist feeding on
diverse zooplankton
and nekton groups
Generalist feeding on
diverse zooplankton
and nekton groups
All of these animals
had motive to commit
the crime – they all
consume zooplankton.

Pelican eel
Conclusion

Means
(What biological adaptations
do they use to subdue prey?)
Photophores, including
“headlights”; ventral
photophores for
counterillumination
Ventral photophores for
counterillumination; large,
dorsally oriented eyes; mirror
concealment
Fangs; black coloration

Opportunity
(Where they in the same place at the same time?)
What zone do they live in
Diel Vertical Migrator
during the day?
to Sunlight Zone?
Sunlight / Twilight / Midnight Yes / No

Sunlight / Twilight / Midnight

Yes / No

Sunlight / Twilight / Midnight

Yes / No

Large, expandable abdomen
and mouth

Sunlight / Twilight / Midnight

Yes / No

All of the animals had the
means to commit the crime –
they all have unique
adaptations that allow them
to capture prey such as
copepods.

Only one suspect (lanternfish) had the opportunity to
consume the copepod under cover of darkness in the
surface zone (they migrate from the Twilight Zone).
None of the other suspects were in the Surface Zone
at the time of the crime.

KILLER__________Lanternfish_______________________________________
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COUNTERILLUMINATION

PHOTOPHORES FOR

COMMON NAME: HATCHETFISH

LARGE, SENSITIVE EYES

(FLATTENED) BODY SHAPE

LATERALLY COMPRESSED

COMMON NAME: FLYINGFISH

COUNTERSHADING

PECTORAL FINS

LARGE, WING-LIKE

COMMON NAME: LANTERNFISH

PHOTOPHORES

LIGHT-PRODUCING

COMMON NAME: FANGTOOTH

BLACK/BROWN

DIET: GENERALIST (CONSUMES ZOOPLANKTON, INCLUDING COPEPODS)
COLOR IN THE OCEAN: IN THE OPEN OCEAN, LIGHT IS DIFFERENTIALLY
ABSORBED, MEANING THAT WAVELENGTHS OF LIGHT (CORRESPONDING
TO CERTAIN COLORS) ARE NO LONGER VISIBLE AT DEPTH IN THE WATER.
MANY DEEP-DWELLING ANIMALS ARE RED OR BLACK BECAUSE OF THIS
PHENOMENON (RED AND BLACK CANNOT BE DISCERNED AT DEPTH,
MAKING THEM VIRTUALLY INVISIBLE), WHILE SURFACE COMMUNITIES OF
ANIMALS ARE OFTEN TRANSPARENT OR BLUE.

DIET: ZOOPLANKTIVOROUS (CONSUMES ZOOPLANKTON, INCLUDING
COPEPODS)
FIN MORPHOLOGY: FLYING FISHES HAVE LARGE FINS FOR GLIDING
ABOVE THE SURFACE OF THE WATER TO ESCAPE PREDATORS IN THE SUNLIT SURFACE ZONE.
COUNTERSHADING: IN THE OPEN OCEAN, MANY ANIMALS LIVING NEAR

THE SURFACE IN THE SUN-LIT ZONE ARE BLUE OR TRANSPARENT TO

MATCH THEIR BACKLIGHTING AND TO AVOID BEING EATEN BY

PREDATORS. THE DORSAL (TOP) HALF OF THE ANIMAL IS OFTEN A DEEPER

HUE OF BLUE SO, WHEN VIEWED FROM ABOVE, THE ANIMAL MATCHES

THE BLUE ABYSS, WHILE THE VENTRAL (BOTTOM) HALF OF THE ANIMAL IS

OFTEN LIGHTER-COLORED SO THAT, WHEN VIEWED FROM BELOW, THE

ANIMAL MATCHES THE DOWNWELLING LIGHT FROM THE SURFACE.

AND HATCHETFISHES, HAVE A SERIES OF VENTRAL PHOTOPHORES (LIGHT-

DIET: ZOOPLANKTIVOROUS (CONSUMES ZOOPLANKTON LIKE COPEPODS)
COUNTERILLUMINATION: MANY DEEP-SEA FISHES, INCLUDING LANTERNFISHES

REFLECT LIGHT TO MATCH THEIR BACKLIGHTING. THE ANGLES FROM

AND OTHER FLATTENED, SILVERY FISHES HAVE MIRRORED SIDES THAT

DIET: ZOOPLANKTIVOROUS (CONSUMES ZOOPLANKTON LIKE COPEPODS)
MIRROR CONCEALMENT: HATCHETFISHES (FAMILY STERNOPYTCHIDAE)

COMMON NAME: FLYINGFISH

PRODUCING ORGANS ALONG THE BOTTOM SURFACE OF THEIR BODY) TO MATCH

WHICH A HATCHETFISH CAN BE DETECTED BY A PREDATOR ARE VERY

COMMON NAME: FANGTOOTH

THE DOWNWELLING LIGHT. THESE FISHES USE THEIR OWN BIOLOGICALLY

SMALL BECAUSE OF THESE MIRRORED SIDES AND NARROW PROFILE.

COMMON NAME: HATCHETFISH

GENERATED LIGHT TO MATCH THE INTENSITY AND COLOR OF THE DOWNWELLING
SUNLIGHT. THIS HELPS CONCEAL THEIR SILHOUETTE TO PREDATORS WHO VIEW
THEM FROM BELOW.

COMMON NAME: LANTERNFISH

COMMON NAME: PELICAN EEL

AND JAWS

LARGE MOUTH

ABDOMEN

EXPANDABLE

DIET: GENERALIST (CONSUMES ZOOPLANKTON, INCLUDING COPEPODS)
LARGE MOUTHS: THE PELICAN EEL IS NAMED FOR ITS LARGE, EXPANDABLE
MOUTH. IN THE MIDNIGHT ZONE, MANY ORGANISMS HAVE LARGE FEEDING
APPARATUSES AND EXPANDABLE ABDOMENS SO THAT THEY CAN CONSUME A
LARGE VARIETY OF DIFFERENT-SIZED FOOD IN A PATCHY HABITAT.

COMMON NAME: PELICAN EEL

Killer from the Deep!
The Victim:

The Witness:

The Suspects:

Wanted:
motive

means

opportunity

*animals not to scale
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Title:
Killer from the Deep!
Focus:
Explore the deep-sea environment and biological adaptations to living in the deep sea through murdermystery investigation and graphing activities.
Learning Objectives:
PART A
ü Students will graph and interpret data to study how environmental variables structure different
vertical habitats within the deep sea.
PART B
ü Students will distinguish between different vertical habitats and graph and interpret data to
describe how deep-sea animals are specialized to discrete vertical habitats within the deep sea.
Students will discuss how populations of deep-sea organisms have evolved to be better suited to
their environments.
PART C
ü Students will explore a diversity of biological adaptations to living in the deep sea and use
ecological information to solve a mystery.
PART A
Cold, Dark, and Under Pressure: The Deep-Sea Environment
Directions: Plot the following temperature data on the accompanying depth profile. The axes, depth
zones, and other environmental variables are already provided on your graph. After you have plotted
the temperature data points, draw a line to connect your data and complete the following discussion
questions.
Ocean Zone Depth (meters):
Sunlight 0
200
Twilight 400
800
1000
Midnight 2000
4000

Temperature (°C)
20
16
10
6.5
5
4.5
4
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Name(s):
Date:

Temperature (°C)

Depth (meters)
200

0

1

2

3

4

5

6

7

8

9

10 11

Light
12 13 14 15

16 17 18 19 20

SUNLIGHT ZONE

400
600
800

TWILIGHT ZONE

1000
1200
1400
1600

MIDNIGHT ZONE

1800
2000
2200
2400
2600
2800
3000
3200
3400
3600
3800
v
4000
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Pressure

Discussion Questions: Reflect on these questions before discussing them in groups of 2-4 students.
1. What is your independent variable? What are your dependent (response) variables?

2. Photosynthetic plants, known as phytoplankton, are the base of the food web in the open
ocean. Phytoplankton need sunlight to photosynthesize. Describe where photosynthesis occurs
in the open ocean. If photosynthesis can only occur in the presence of light, how are food webs
different in areas of no light?
Hint: if you are struggling with this question, check out this article:
https://www.nytimes.com/2017/12/19/science/deep-sea-foodweb.html?searchResultPosition=9

3. Describe how each variable (temperature, pressure, and light) changes as depth from surface
increases. What environmental conditions do organisms living in the Twilight and Midnight
Zones experience?

4. Can you think of any adaptations that these populations of deep-sea animals may have evolved
to be better suited to living in these harsh environments?
Hint: if you are struggling with this question, check out this interactive article:
https://www.nytimes.com/interactive/2017/08/21/science/the-deep-seas-are-alive-withlight.html?action=click&module=RelatedLinks&pgtype=Article
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PART B
Case Study: Diel Vertical Migration, a Behavioral Adaptation to Life in the Deep Sea

Figure 1. Diel (daily) vertical migration of animals from the Twilight Zone (200-1000m) to the surface at dusk and descent to
depth at dawn. Illustration courtesy of Kelly Lance, reprinted with permission. Epipelagic Zone (0-200m depth) = “Sunlight
Zone”; Mesopelagic Zone (200-1000m depth) = “Twilight Zone”; Bathypelagic Zone (1000+m) = “Midnight Zone.

Sampling the Deep Sea: a MOCNESS Monster!
So, how do we detect this great vertical migration? One method for capturing deep-sea animals and
understanding where they live is by using a piece of equipment known as a Midwater Opening and
Closing Net and Environmental Sensing System (MOCNESS). A MOCNESS is just a series of nets (often 10)
that are towed behind a research vessel and open at different depth intervals as the net returns to the
surface. When one net opens, another closes so that one net is always open to sample a different layer
of the water column.
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Figure 2. Midwater Opening and Closing Net and Environmental Sensing System (MOCNESS) on a NASA-funded expedition
(NASA EXPORTS). You can see that first net is open. Image modified from NASA EXPORTS.
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Name(s)
Date
Activity B: Deep-Sea Sampling
Instructions: Open your “nets” (baggies containing beads or candies) and sort and count the “captured
animals” (beads or candies). Record your results in the provided table. Take care to keep the contents of
each “net” separate (you will compare the contents of each net). You should have 6 different nets
(representing three depth habitats and two time periods, the day and the night).
Animal

Abundance (Counts)
0-200m

Day
200–1000m

1000–4000m

0-200m

Night
200–1000m

1000–4000 m

Flyingfish: yellow beads
Lanternfish: green
Hatchetfish: blue
Fangtooth: red
Pelican eel: black
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Graphing Instructions: Plot the abundance data on the following depth profiles as horizontal bar graphs.
Use a yellow marker to shade the bars of abundance data for the daytime and brown / black marker for
shading bars of abundance data for the nighttime.
For example, a horizontal bar graph for Fanfish, Pteraclis aesticola, has a uniform shape during the diel
cycle because it is not known to undergo diel vertical migration and lives predominantly in the 0-200 m
surface zone.

Example: Fanfish
Daytime Abundance
9

8

7

6

5

4

3

2

1 0

1

2

3

4

5

6

7

8

9 10

1000-4000 m

200-1000 m

0-200 m

10

Nighttime Abundance

Virginia Scientists and Educators Alliance (VA SEA) 2021

Mowatt-Larssen Page 8 of 18

Flyingfish
Daytime Abundance
9

8

7

6

5

4

3

2

1 0

1

2

3

4

5

6

7

8

9 10

1000-4000 m

200-1000 m

0-200 m

10

Nighttime Abundance
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Lanternfish
Nighttime Abundance
9

8

7

6
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4

3
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1
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8

9 10

1000-4000 m

200-1000 m

0-200 m
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Hatchetfish
Daytime Abundance
9
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Fangtooth
Daytime Abundance
9
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Virginia Scientists and Educators Alliance (VA SEA) 2021

Mowatt-Larssen Page 12 of 18

Pelican eel
Daytime Abundance
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10
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Activity Results:
1. Which animals are migratory on a diel (day/night) cycle? What zones do migratory animal(s)
inhabit in the day versus at night? Which animals had a uniform distribution (nonmigratory)?
Name
What zone do they live in during the day? Diel Vertical Migrator to Sunlight Zone?
Flyingfish
Sunlight / Twilight / Midnight
Yes / No
Lanternfish
Sunlight / Twilight / Midnight
Yes / No
Hatchetfish Sunlight / Twilight / Midnight
Yes / No
Fangtooth
Sunlight / Twilight / Midnight
Yes / No
Pelican eel
Sunlight / Twilight / Midnight
Yes / No
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Post-Activity Critical Thinking Questions (can be completed at home at instructor’s discretion):
2. In this activity, depth zones were defined for you. What if we didn’t know the depth of the net?
What variable has a consistent, predictable relationship with depth and can be used as a proxy
(substitute) for depth? (Hint: refer to graph of environmental variables in Activity A).

3. Scientists have discussed several theories on the predominant (most important) variable that
organisms undergoing diel vertical migration track to know when to migrate. While many
scientists agree that light is a primary cue for organisms, scientists believe that daily, internal
circadian rhythms (part of an organism’s “biological clock”) may also help animals know when to
migrate. How could you test the importance of light versus biological clocks as migration cues?

4. Light penetration into the ocean differs in different parts of the world because of the Earth’s tilt
on its axis. For example, near the Equator, light reaches a greater depth in the water column
than near the poles. Diel vertical migrators live in the Twilight Zone during the daytime because
they are evading visually cued predators (that need light to see) in the Sunlight Zone. How
would you expect the migration distance (difference between starting depth and end depth) to
differ between the tropics and the poles? If migration distance is greater, how would you expect
the speed of the migration to change (assuming that the time animals have to complete the
migration stays the same)?

5. Due to climate change, the oceans are projected to become warmer and more stratified (less
exchange/mixing between depth layers). Across large swaths of the oceans, fewer
phytoplankton (aquatic plants) are expected to bloom in the surface zone because nutrients will
be “trapped” in deeper water column layers, inaccessible to these surface-living photosynthetic
plants. If there are fewer phytoplankton, the base of the ocean food web, how do you predict
that the number of animals undergoing diel vertical migration to the Sunlight Zone will change?
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PART C
Solving Murder Mystery Activity
Instructions: Cyclops the copepod (pictured below) was killed (and eaten!) while in the surface Sunlight
Zone under cover of darkness. Luckily, there was a witness and the authorities have provided you with a
list of suspects! Use the clues from the witness’s statement to authorities and the accompanying flash
cards to fill in the provided table of suspects and solve the crime.

Victim

Witness

1/10/2022

Detective’s Notes
•

Crime occurred during nighttime
in the Sunlight Zone

•

Witness reports “flash of light”
emanating from murderer

•

Witness reports murder had
slender, elongate body

In order to identify the killer, consider the following questions for each suspect:
Motive: Does the suspect have motive? Because the victim was eaten, consider the suspect’s dietary
preferences that could motivate them to kill the victim.
Means: Does the suspect have the means, including ability, to commit the crime? What are the
suspect’s unique characteristics (e.g., adaptations) that could allow them to subdue the victim?
Opportunity: Did the suspect have an opportunity to commit the crime? Or do they have an alibi? Were
the suspect and the victim in the same place at the same time?
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Note: while several suspects may meet some of the criteria, only one suspect (the killer) will have all
three (motive, means, and opportunity)! Use the accompanying flash cards to reveal the supects’
potential motives (dietary habits), means (adaptations), and opportunities (depth habitats and
migratory behavior).
Suspects:
Name

Motive

Means

Opportunity (from Activity B)
What zone do they live in? Diel Vertical Migrator?

Lanternfish
Hatchetfish
Fangtooth
Pelican eel

KILLER_________________________________________________
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Glossary:
Bioluminescence: the biochemical production of light from organisms
Counterillumination: active camouflage and the production of light to match background light in
intensity and wavelength
Countershading: camouflage strategy where the top (dorsal) surface of the organism is darker to match
surrounding water (when viewed from above) while the bottom (ventral) surface of the organism is
lighter to match downwelling light (when viewed from below).
Crypsis: ability to avoid being detected by other animals, including for the purposes of predator evasion
or to capture prey
Diel vertical migration: the daily vertical migration of animals from the deep sea to the surface waters
at dusk and return to deep waters at dawn to avoid visually cued predators in the surface layer. This key
behavioral adaptation enhances foraging opportunities and minimizes predation risk: migrators avoid
being consumed by visual predators in the Sunlight Zone during the daytime, while grazing on surface
plankton during the nighttime.
Food web: a system of related food chains
Isolume: a line of constant light intensity
Marine snow: organic material originating from upper layers that showers the deeper layers of the
water column, typically comprised of fecal pellets, carcasses, dead cells, and animals
Mirror concealment: camouflage strategy to reflect light to match background light and reduce the
angles at which detection can occur
Mixed Layer: a depth interval near the surface that is thermally homogenous due to wind-driven mixing
Morphological: relating to an organism’s form or structure
Nekton: free swimming and able to move independently of currents
Photophores: light-producing organs that are found as luminous spots on animals
Photosynthesis: the conversion of light energy to chemical energy through the reaction of light and
carbon dioxide into energy-rich organic molecules (glucose) and oxygen
Phytoplankton: aquatic plants that cannot actively swim against currents and photosynthesize;
phytoplankton are autotrophic or “self-feeding”
Physiological: relating to biochemical reactions and bodily functions of living organisms
Thermocline: a layer of water where the temperature changes significantly from the layers above and
below it. In the pelagic ocean, the thermocline separates the homogenous and warm surface mixed
layer and the thermally stable, cold, deep ocean.
Zooplankton: animals that drift or wander in the ocean; they consume other zooplankton or
phytoplankton; zooplankton are heterotrophic or “other-feeding”
Key Anotomical Terms:

Dorsal fin
Caudal fin

DORSAL (TOP)

Pectoral fin

Pelvic fin

Photophores, lightproducing organs

Anal fin

VENTRAL (BOTTOM)
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Illustration Acknowledgments: Illustrations of animals, unless otherwise noted, were commissioned
from Alma Trinidad-Javier and provided courtesy of Tor Mowatt-Larssen. Diel vertical migration graphic
is provided courtesy of Kelly Lance.
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